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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
amine-based polymer complex excellent in 
electrical and electronic functionality, 
photoelectric functionality, electrical 
conductivity, electrical stability, thermal 
stability, mechanical stability or the like, 
A:£$ provide a method of producing the same, 
and also provide an organic EL element 
which can be designed as a molecular 
element, and provide a method of 
producing the same. 

SOLUTION: The amine-based polymer 
complex which is a complex of an amine-based derivative polymer represented 
by a general formula (1) and a phosphoric acid-based derivative polymer. The 
preferable features include that the amine-based polymer is polyaniline and that 
the phosphoric acid-based derivative polymer is DNA and that a 
photopolymerization initiator selected from a ruthenium complex, a rhodium 
complex and an osmium complex is doped. The method of producing the 
amine-based polymer complex which photopolymerizes an amine-based 
derivative represented by a general formula (2) in the presence of a phosphoric 
acid-based derivative polymer and the photopolymerization initiator. The 
organic EL element which is a molecular EL element and has at least one 
molecule of amine-based polymer complexes, an anode which is capable of 
injecting a hole into the molecule of amine-based polymer complex, and a 
cathode which is capable of injecting an electron into the same. 
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[Claim(s)] 

[Claim l] Amine system macromolecule complex characterized by being the complex of 
the amine system derivative polymer expressed with the following general formula (l), 
and a phosphoric-acid system derivative polymer. 
General formula (l) 
[Formula l] 

In said general formula (l), X expresses an aromatic series ring or heterocycle, may be 
mutually the same, and may differ, and may have the substituent. n expresses 
polymerization degree. 

[Claim 2] Amine system macromolecule complex according to claim 1 whose amine 
system derivative polymer is the poly aniline. 

[Claim 3] Amine system macromolecule complex according to claim 1 or 2 whose 
phosphoric-acid system derivative polymer is a nucleic acid. 

[Claim 4] Amine system macromolecule complex according to claim 3 whose nucleic 
acid is DNA of a double strand. 

[Claim 5] Amine system macromolecule complex according to claim 1 or 2 whose 
phosphoric*acid system derivative polymer is a synthetic polymer which contains a 
phosphoric-acid radical at fixed spacing. 

[Claim 6] Amine system macromolecule complex given in either of claims 1-5 whose n is 
10-100,000. 

[Claim 7] the time of setting the number of the amino groups in an amine system 
derivative polymer to A, and setting the number of the phosphoric-acid radicals in a 
phosphoric-acid system derivative polymer to P - 0.5A>=P>=10A - coming out - amine 
system macromolecule complex given in either of some claims 1-6. 
[Claim 8] Amine system macromolecule complex given in either of claims 1*7 by which 
the photopolymerization initiator was doped. 

[Claim 9] Amine system macromolecule complex according to claim 8 whose 
photopolymerization initiator is the compound in which a phosphoric* acid system 
derivative polymer and interaction are possible. 

[Claim 10] Amine system macromolecule complex according to claim 9 whose compound 
in which a phosphoric- acid system derivative polymer and interaction are possible is a 
metal complex. 

[Claim 11] Amine system macromolecule complex according to claim 10 whose metal 
complex is at least one sort chosen from a transition metal complex and a zinc complex. 
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[Claim 12] The manufacture approach of the amine system macromolecule complex 
characterized by carrying out photopolymerization of the amine system derivative 
which is the manufacture approach of the amine system macromolecule complex a 
publication, and is expressed with the following general formula (2) to either of claims 
1-11 under existence with a phosphoric*acid system derivative polymer and a 
photopolymerization initiator. 
General formula (2) 
[Formula 2] 

H 

X-N-*-NH 2 

[Claim 13] The manufacture approach of amine system macromolecule complex 
according to claim 12 of performing photopolymerization by seven or less pH. 
[Claim 14] The organic EL device characterized by using the amine system 
macromolecule complex of a publication for either of claims 1-11. 

[Claim 15] The organic EL device which is a molecule EL element and is characterized 
by having the cathode which can pour in the anode plate which can pour in an electron 
hole, and an electron to at least 1 molecule of the amine system macromolecule 
complex of a publication, and at least 1 molecule of this amine system macromolecule 
complex in either of claims 8-11. 

[Claim 16] The organic EL device according to claim 15 with which the 
photopolymerization initiator was doped by abbreviation regular intervals in amine 
system macromolecule complex. 

[Claim 17] An organic EL device given in either of claims 14-16 whose thickness of the 
organic compound layer which contains a luminous layer at least is lOOnm or less. 
[Claim 18] The manufacture approach of the organic EL device characterized by 
arranging another side in the electrode of this pair on the front face of this organic 
compound layer after applying to a front face and forming [ in / for the water solution 
which contains the amine system macromolecule complex of a publication in either of 
claims 1-11 / the electrode of a pair ] an organic compound layer in the front face of the 
electrode of 1. 

[Claim 19] The photo-electric-conversion organic device characterized by using the 
amine system giant-molecule complex of a publication for either of claims Ml. 



5 



(19>B#H»fft? (JP) 02) £t M 4tF 1^ & ^ (A) (ll)tWHHWMi»* 

#^2002-161135 
(P2002-161135A) 

(43) 0 6H40 (2002. 6. 4) 



tssjis^ f i 

C 0 8 G 73/00 3 K 0 0 7 

6 6 0 C0 9K 11/06 660 4J043 

6 8 0 6 8 0 

H0 5B 33/10 

33/14 B 

m&miR mxmvmv ol (^ 12 m 



(2oai®#^ 


&IS2001 - 197264C P2001 - 197264) 


(71)ffl®A 


000005201 














(22)m^B 


¥^13^ 6 8 28 B (2001 . 6. 28) 




n&)mm&toTti*m2\om& 








(72)»9J§# 






(31)«5fc«£&#^ 


WJH2000-280163 (P2000 -280163) 






-1-8 


(32)fc5fc0 


¥/£l2^9/314B(2000.9. 14) 




-704 






0* (JP) 


(74)f$SA 


100107515 




ftft&mo&mnmm*®&Q ¥^13^1^260 












F*-A(#%) 3K007 AB02 AB04 ABU AB18 


CA01 


m<o moo- 2 iS^xi^hn-^xflfiSSj \z& 




CB01 DA01 D803 EB00 


FA01 






4J043 PA11 QB02 RA02 RA03 


RA08 








SA05 UA121 XA38 2A51 








ZB21 ZB24 





(57) 

[MB] ttft • tt-T-ttttte. « 

[ft?**®] -flas ( i ) ©r s y 

t <J >W&i®m## 'J v- 1 OtiLGWCi) 575 

rn-m&ft. r s >jRs^yflc# y y r- y >. 
vywshmm&xv -?-#iDNA-c*asM*. 
ash*, ny^Aig^R^^s^Ait^A^jitRsn 

StM^&P&JW h" - T'Jhfc.W** oc>. y >® 
3ftB3»ftjKyv-ij(6«^HM«Iioffffr. 

( 2 ) ©r s >mmm&zym-&2'ttZT s >mns&?- 
m&»<Dm&jrm, k+e l^-t-c* y . r s 

i4»£tt©Jl>4 < £ 1 ^^-i . -€-ft&ClE?l£'aAlim 

-ms ( i ) 

Mfcl ] 



(51)IntCl.' 
C 0 8 G 73/00 
C 0 9 K 11/06 

H0 5B 33/10 
33/14 



-fiSS ( 2 ) 
Kt2] 

H 

X N X NHa 



1 

m*m i ] tib-uw ( i > tis<i575 >%b 

* S C £ £!fSffl <b TT S 7 3 > JSiitfH^^tt. 

HRSC ( l ) 
Hbl] 

[- » - " L 

free-fls^ ( l ) «:tei>r. x». 5r#&8tx«it£]S 

<fc<. g&g£W0-Cl,>T4>J:l,>. n(;S, S£g 
[ 19*^ 2 ] 75 >&WIWft# 1/ V-*tf 7 - !/ > 

JRB 1 X« 2 Kia«<©7 5 >S»*mfi£#. 

[38*14] &S?*-#igl©DNAr#>£3ti*il3K: 
ia$fc©7 5 >*»BHPa6». 

[fil*15] U>M»WiW*sH'Jv-*s. 

-^faps-r^ty^^ <j ^--cfo&mim i x«2ccis 

[W*J1B] n*. 10-1 0 0. 0 0 0-C&SI** 

ji i *6 5 ©t,>-r ft*K3ais©7 5 vswa^^fc. 

[iit#3S7] 7 5 >3F.^W**f';-7-(c*5W*T5 -/ 
S©$£A£0, 'J>K^S?s»ftsi<';v-{c*jW*y> 
$!S©©!£P£0/d$, 0. 5A£P^10A. -C£>£ 

i»*ji i *6 6 ©i>rn*>«:iBt80T s ymm&*&& 
8 3 tmsmtmi* v-zfstittwm i * 

- i taEfPfflWtttefb^wr* &n*m s Kiats©7 5 

C ®>m 10] V >l^g|^(* # 'J v- £ f |£fHU pj 

m*m 1 1 1 gaits**. m&&mm#Rvmit& 
is© r s 

[ifsJOl 1 2 ] 39*31 1*6 1 1 ©t,»rti*>KIBtS© 
(2) ra3*lST5>3RW§fls*jt«^S«*Ct* 

-nas; ( 2 ) 

[<b2] 

H 

X-N-X-NHj 

[ 39*1 1 3 ] p h 7 tir-ctf -5 39*31 i 2 



(2) ^200 2-1 6 1 1 35 

2 

[39*31 1 4 ] 39*31 1*61 1 ©^rti*«:iats© 

[39*3115] ^EL^fiot, 39*318*6 

1 1 ©t>-r n*«cte*8©r 5 ^ig^H^tt©^ < 

Lblf&t. BET 3 >JRW»^a^*Od>tt < £ 6 1 
^KWoriEILtttABIttttHMERcnt^iaAnlft 

10 [39*31 1 6 ] ftmn&KmwT s ^jRawmi^tt 

cplCBS^RICC h'-?34-ifelft*qn 5K329S©Wt8E 

[39*31 17] < £ <>AjW«dtr««fb^«ini 

©jl#* 1 0 0 n m«T-C*SIS*B 1 4*6 1 6©l> 
Tn*(cialS©WtSE LSR-T-. 

[f9*]i i 8 ] -<Dmm<D$mtc. 39*31 1 *6 1 1 
*—*KD*ff Jc*W S -^©^Stc^flj o r #BW b£13? 

^©Kii^ffi. 

[ii^Ji 1 9 ] 39*31 1*611 ©^-rn*Kfats© 
7 3 >mnffr?-m&i**:m^-rtc tzumt-rzy&m 

[0001] 

©Wfc&a. %lt 3 >*wfl^8te#*jB(,»fc*«E l 

[0002] 

[Se*©KJfi] il/^lDi*^, i*;l-f-, 7-17 

-fe*r*>. ^•;7-'j>B^s?«:j»mtt*^b > Kit 
40 *£?g&*xft*£9&a;*ft-ct,>£„ Huia^'j7^-'; 

•c, cn6©*t , ^^a^ffi*fig**6»sccjS!R$n 

tttl>5. 0*1/. Sf3fe©3feS^ffi«:«fcaJ&&. *<l 

7- >^©ssmi4:K s c i* 

*«ttiio;v-©B8**sis*irt>a. 

[0003] 

SO [IBIBtfJBifcOASi-r&RJB] **S5S8 



(3) 

3 

cos*., se*tc*sw*B5gaw)B«:»»o, trFoaw* 

tcj: I tSSt^to561S«W«^W ^ 10 

[0 0 0 4] 

< l > TIB— (l)rl?^7$ >«NRC# 

HttS ( l ) 
[0 0 0 5 ] 

Ub3] 20 

[ooo6] «rsB— «s ( i ) ccfc^r. xt*, 

< 2 > r 5 >*snw*# y v-*s# y y a 

<3> y>i^iiM'j7-«"c$)^iis< l 30 
>X&*< 2 >tciBIS©r ^ vRKfl^tt^wr**. 

<4> ttlWr*M[(DDNA"C**«IIB<3>eclBtt 

<5> y yv-# % vymm^-ms 

rar^fr^j&tf y v~r&&B5iB< i >x«<2>^ib 

<6> n#, 1 0-1 00, 0 0 0T&£i!uie< 1 > 
<7> 7 5 >»R*M»; v-{CteW87 5 >^i©» 40 

*A<fcu y y v-cc*j»«y>wi© 

»*PiL/c«F, 0. 5A^P^10A, r&£ffyfB< 
1 >*>6< 6 >CD^Tft^CClB$g<D7 5 

< 8 > #S£SBWSIJ# K - 7* 3 n/cfFIB< 1 > 6 < 
7 XDC^tl^CC8Btt©r 5 >*«#T«£frC*S. 
<9> £S£MtfH*s» y>IBRBHW*#yv-iti 
sf / Pfflpjfl^ib^r*^HtriB< 8 >{ciBtt©r 5 >^ 

< i o > y >r%bhm** y v - issfpflprtfittft so 



$SPH2 0 0 2 - 1 6 1 1 3 5 
4 

aiRsn*ii>&< i«> ifflt?*4fflriB< i o>^cia«ccD 

< 1 2> |JIE< 1 >#>6< 1 1 XD^-rtlfrlCiffiCD 

Wft#y^-i3lffl^H^i©?«ET, tkhrsk 
(2) r«3tiST5>*i»ft«:**^S#*ci* 
»li«rs >*W^F-*d*<o«a*ffiT?**. 

HUK ( 2 ) 

H 

X — N — X — NH2 

<13> *«^*pH7«T-CfT9«nE< 1 2>8CE 

sot ^ >»w#*«£f*©«a#ffi-c*a. 

< 1 4> buIB< 1 >^6< 1 1 >©c*rn^tciB*8o 

<15> WELiK*r>t 4 St3jaB8*>6 1 1© 

< 1 6 > #*^*&sw*7 * >&n&*m&#tptcm 
mwmc F-7itiitm&< 1 5 x.amcommE l* 
■T-r**. 

< 1 7 > t>&ytmz&t*mmt&®m®m& 

ffil 0 0nm«Tr**1iWB<l 4>*6< 1 6 ><ZX> 

< 1 8 > — ©«fi<E>StffiK:, fftIB< 1 >*>6< 1 1 > 

&-a*©m® c fc w £ -^(Daffl ocswii 0 r wtsf b£^ 

< 1 9 > 0UIB< 1 >rt>6< 1 1 >©C>m*>K:B«© 
[0 0 0 7 ] 

t, y>M*»3iw*#y^-<toa^#r*o, Btria^ 

[0 0 0 8 ] -7$>fil^'j7 — 

«B7s>«iwt#y7-tt ( TB-«a ( 1 ) r« 

[0 00 9 ] 

[<b5 3 



[ooio] «rsB-»« ( 1 ) cc*j^r, x», 

*->u>, j-yh-)^ taE&mih 

tru-jk **iJ-:/-Jk ?^>, tyt^x eysv? 
<> fP-j^J;0»SU^ Mfa-teS; ( 1 ) Ctfctf 

[ooii] mb-mss ( i ) ctfc^r, n \z % m^m 
tt#fi»r**K uaspattjcatis^r, 10-10 

0, 0 0 0#UW£LI\ 

[0012] s«riB7 5 >mmm&# y o 
t», mfcf. *y7-y>, ^«J7^>, ^yr 
^7xy-Jk #yy£^;H8. tfy^??-^- y 
*y^ h=^>7~y>, &£##»te*tf6ft, c 

[0013] 
[ft6] 

[0014] - y >mm®m&* y — 

0< , S(*W«:tt»M*s«FK:»* U\> MB 

y>»x 

jE©«flf**Ti"S F y* (2, 2-t'ty^Jl/) 
;Uf-^A (II) ItftCRu (b py) 3 2 + ^CDmflB 

Mra*. c^, B9gay>»*»«*^yv-io 
xmKtmzm^zt* muRu (b Py ) 3 2 + 

if8B*a^BB*6ffJi, 1IJE7 5 y v-itB 



(4) ^2 00 2- 1 6 1 1 3 5 

6 

h t bxmmbwz&xmmx&z. 
[oo 1 5] mzmmtuxiz. dna, rn 

Aft^W6tl. Cft6<D*r4>, — *lfi<DDNA, 
^*II©DNA, RNA*J»*l/<, r*«l©DNA3&« 

io [oo i 63 una uv-ii/Ttt, a? 
BBMW)*aer. y >«»*«»£fc£jiR#y v-, 

[0017] NEV >WRWW»#y ##S9jtc 
*5l>T, 7 5 >^ii^/7-M7 5 >^gftt 
y 6MB7 5 >«B3itt# y ^-3W»«3ti& 

i^(Df*>^u- btoxmmu, »7 5 >iRBiawt# y 

^-^J«3ftfclS«:tt, BE7 5 y^-i 
*©* SffiEfWHK: cfc 0«£tt*»«SOS S ^>OT* 
20 £ 0 4*5, tttHSffiffliOrW, «TE y >MJfiR8WM* 

y^-ccfcw*y>n*i. ®TE7 5 y v 

-«c*jW*75^»t©«Hffffl. tt^»fcf6ti, A 
ttWtera, KfiMS^ ***S^, 7r>-^- 

6ft*. *«SH©7 5 >**fl^a^f*K:to^r«, mi 
ib y >bbr»3H*# y <t HufB7 ^ y v 

-<t*sfrEtBEftffl^ J: 0 «^**»j«Lr*0 v mFIB 
HBBC (1 ) t?*3*i*7 5>3RW»*#y^-tt 1 IS 
fflSftffl6CJ:0«fif«:Wr-5Ci3&«*a («^.«, WTE 
30 ^ffffl^^a^^OW^CCWSJEHttSC ( 1 ) fcfc 

[0018] -m^fr- 

BWB7 5 >IRlB^a^*«, «TE7 5 >*BS3W*!j< y 

v-<b, frEy^B^RR^^yv-ioa^ftris 

vh'J^Xif^iU, DNA^CDm)IBy>® 

xn«W4<y v-tfitiijfcft, tty>tt$SiVtt 
jpy^-cr>3»«ttccj:o. i/ra»«c«» • 

E7 5>»w»»#y v-ior<D^y7-y>i, sr 
Ey>i»fin«f*#y v-iutcwti (dnas?) <b 

[0019] «TE7 5 >IRiS»^-a^f*{c*jl>r . MTE 
7 5>3R»a«*#y^-K:4j»*7 5 ^BCDSt^Ai 

y y v-cc*5^-sy>M*(0»*p 

<bb/cB#. 0. 5A^P^10A. XtbZt, jg»tt^ 
fi» -CSjtSBtttCflin^^rjff* L < , A : P = 0 . 
50 5:1. 0-1. 0:0. 8X<bZ><Dft£ *) 



[0 02 0 ] -#«£B»&aH- 

*vtor coti^ »rs>»n»^j|^ 

r$?$ MBB#S-&B8»&SJ©MiB7 5 >JRWfl^Hi 

*H=-ffl£# 1 0 OliWc^l, 3-4 0 Jt«8|S#»S 
U<> 5-20JW»*JJ:0»*Ll>. MfBMfE^m^ 

fli88tt, mn&, ms+ft?K<> mm 

[0021] mc%s£hm#j& or**. &*acDkoo 
ft#y^-iffisffi«wffift{t^»3W»*Lc^ cow 

K ft*. OTB«Eff«ib"Ct*, Witt, BWEtt 

[ 0 0 2 2 ] tne y > wsbbm*# y t^Ktmrn 

mWt&MtLXU. ttCC{HHRtttt<. BHttSCTJI 

fijUR-raciwria^ w*.tf. tio 2 % wo 3 

W6ft*. MsB^JMittiLTtt, 

eftscxffijMHt^eaiRstis^ft < <t 4> 1 

L< t JUf*^^AlSft. n^AUft, *^5Wfi* 

by* (2, a 

I) »tt(R u ( b p y ) 3 2 + )jW»CC»* «E h 
y* (2, 2-fcTf»;^;l/) (11) eflc(R 

u (bpy) 3 2 + *©je«ww % «nau> 

KXRWtt^ y >K»<fc»«tBSftffl* 
tRu (bpy) 3 2 * tfWSlWCCSSfcMiB y 
>K»R*ft^yv-2fi5(c{4Ht, J»<fc<Mllffitt 
«r^L»&*rW«r*S. MSB^ffc^ftiLTtt, 

[0 0 2 3 ] 

Mb7] 



(5) «fBB2 0 0 2 - l 6 l l 35 

8 




10 

[0024] muv y* (2. Z-VVVJfr) JW-z. 
0 A (11) |§<*CRu (b py) 3 2 + )« % Wilt 
**;Uf--*A^6Ett^©«-^IBW (MLC 
T) CCISH-r-Sa— »JRtt©fi*ififi^4 5 0 n m ( e 

= 1 . 3 8 x 1 0 4 ) «ificc??ft-r^> 0 cvmxm&vt 

gh'JX (2, 2-b't # y^;U) (I 
1) j§f*(Ru (bpy) 3 2 + )tt, pja*CcJ:OSS 

20 [0 02 5 ] MIB7 5 >WX&¥m&ttt*> WFdC^ 

WHS* £ c t #r * s. Mi B7 5 

*. MEr5>*w»^«^fttt. *awsaeH:, mm 

[0 02 6 ] ( T 5 >**#^^<DWft#ffi) 

30 wot 5 >3R*^a^#©«a*ttK:*jc>r tt. MB 
[0027] *^or ^ >**»^a^#<«Hj»5rffi 

fcte^Ttt, MiB3fce£Wte»J#, MEy>KXItiStt 

#yv-i©«Effflir. tty>i»RW»»#y^-«c 
*jtfay>«£ (y>«») Mfcsao, e^s^n 

«E*a^BB»«o#*sr s c t tmsmicmttts 

40 Ote^, **-&S»*3&«[aj±L, JBJBWrMIBT 5 >$m 

[0 02 8 ] -7 5>»^if|:- 
M8BT 5 T8B-«S (2) r^$ti^ a 

[0 02 9 ] 
[fb8] 

H 

X N X NHa 



[0 03 0] BulB-flS^ ( 2 ) Xtt. MIB- 

50 JHS (1) {C*j^^XtH»r*«3. 2O0X», il» 



9 

p -7 *il/>5/7 5 > (PPD) , r^yy 
[0 0 3 1 ] 

tftoi 

[ 0 0 3 2 ] «E V > WfiBHH*# 'J t g>E3ft££ 10 

[ o o 3 3 ] mey v-cdmib^^ 

tC*J^**WfiiLT«. 1 x l 0" 4 -1 0 

1X10" 3 ^1M%*JJ:0»* 
U>. (JIB y >BEfcB2JM*#y v-CDMi*^ 1 x l 

0- 4 Mia*fi^ga*&s»jo^ffi^ 20 

^WJCWM-rSCi^rt&l^C 0, 1 ona 

cc, luta y >»»»aM*!j< y v -©£WJt > 
ttEa£Mj^0tftttS#it£, *©£ffi#MWJ3ft* 

[0034] ftris y >KSMt3n*# y *?-±m&%A& 
m^mm\= 100: 1 - 1 0 : 1 mat»»t w>. ar 
jej»*cc#g , f# entity ear $ >XiK#?tK£tttf« 

[0 0 3 5 ] iT3B*S^H!^J©fr3a««*(D»JlHli 

urtt. 1 x 1 0 - 8 - 1 m##s ia> 0 fHB*a^H 
teffjo»Jn*^«riB»«ii5fflJi-r * -5 & , frisr s >^ 

[0036] Suiar 5 >^M^f*cDH5iss«*^<D^jn 
atbr«, Bway>iteR«3i**';^-«:»u 1 0. 
5-3 0 1> 0 wrier 5 >xft^0$ttai 

IJEKOBHttr**^ UET 5 40 
[0 0 3 7 ] B}IB5fefi^O*^XA(D-«li0r. M 

ffiy>M«s»*sj<y v-3&i-*jR©DNA-c*o, wr 

IBh yx (2, 2-trfy^;i/) ;Ht^a (ii) ggfr 

(Ru (bpy) 3 2 + )-C*0, »E7S>»»i»^ 

MtjfEN- > 7^^;b-p->'^^u>vr^> (PPD) 



^2 00 2- 1 6 1 135 
10 

AiflJKh (2. (1 
I) ItttCRu (bpy) 3 2 + 

HUlBN - 7x^-Jl/- p-7x^u>y7;> (PPD) 

tmnisfeifc. zmmcytzmm-rzt, rastjtKj: 
0, *r«rfiHM (2. 2 - trtfy ^;u) ji^-va 
(II) i§i*(Ru (bpy) 3 2 * )3WJWB3*i, 

>m (2, (11) «#(R 

u (b py) 3 2 + )^fjf2N-7x^.;l/~p-7x^ 
U>^7S> (PPD) <Dm^£3lt&#> ^PPDO 

te««©«reppDJW«;x, ttans^i/rix;. -e<D*s 
#yT-y>#*s£Sft*. as^n/cR 

u (bpy) 3 2 + CC*sWSa^«, SJ8B»«*©BBR 
<DT^:/*-K^SbU *»WteffliBSftfcRu (b 
py) a 2 + lt «^Wec5tlH«wr©«»K:HS. huIB 
Ru (b py) 3 2 + WE««*rB*T«tt{bS 

[0 0 3 8 ] I5fig****tf ^*frt Lr«, tttcMR 

awccjscrjteaKR-r-sct^-c*^^ p 

H7«TrfT9*fr*SJ:i)*ff*U< 1 pH2-6-Ctf^ 
fcfr#U:0ttSL<, pH3^5rfr9jfcff3W*«:»* 
«HE*«*tpH7JiaT'rfT9&, milB^fi^i* 

[0039] «rga*fi^©3B*, swbt a >**» j Fa 

A»*«ftJflEStite*»53W*, Hilt ^S^OJfgm^JO 

1 1 OOnm©WRW**Ct*IIB'r*CiK:J:0tT 

[0 04 0] *«9B©r 5 >XX£H4I^®KB2« 

HBa^-CSJfiT -5 C <t tW-C t -5 . 
[0 04 1 ] (««ELJR^) *»«<OW«EL3R^ 

««fcc»jib«36c < , ^*n©»flE*»flB-r * c i # a 

«i«, 7 5>**#fl|^ftO'>ar< it iot 

»rs >*K^a^tt©ii>&< t fc 1 ^pcc*f u 

[0 04 2 ] mm L*^-tt % HWC, iE?L*aA^I» 

ttjE«R^*^taA^tttti»aicj:a— »©«sm 
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lOOnmtlTif^Ci^tt, 10-60n 
m#W*0<> 3 0^5 0nm#«J:!JW*tA>. 
C0 04 3 ] #WB©W«E LfR^-CCfcl^rtt. 

';v-*s«naiE?LiftajBi orate (jERM&tm <» 
-?-) <tLr$lfc£) u **98©r5>*K»flt^»cc 
«**wiE y y v-^BWaw^awi 

or^ts (WHftgtm ^ctimb) u io 

89§a«*»a£w# (*h=-) 7iM#6#»ir t 

EL^iltMt^ *»W©tf«EL*m* 

OX t>R«-Dj«T*4. 
[0 044] *%l»<D«1SE L****H*F £ Or^ 

ttff««cBWSitritlH^"C*>J:^. 20 

[0 04 5]#jf6!S©*«EL*m ±j$<Dffl9»-T- 

»^a^ft**-»c!)««iai«:i}gaw«ft6«iHi oria 
tltfffl* «c«tB-r *r ^ >*i*»-fa^it<o*^i or 

[0 0 4 6 ] *»?B©W«E L3WC:te<,>r tt, Mta^ 
[0 047] *ft9!<D*«E LJR-T-JCtoOTtt, 

an. n*&xm m^mmmi»9M*:*Mctffi 

«M^/c^OT*o-Cfc<J:^ 0 fljia«&»«, 40 
^n^ootm^ffic^r^-r £ c t tlx # & 0 
[0 04 8] ~ne- 

»cW«ELttF# fc HWaiEattAa. mrfBiE 
7Uft3ll. BJ8a«*H**WrS»^«c«cn60H«: 

[0 049 ] 8MaMffi©ttt4«b Ittt, «p€C«HR»«C < 
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jr. &KRfb«. «st£*ttfb£«L cfte><Dti 
[0050] mmmottttvMMWt or«, ftfb* 

X, MfbEIS. BWb-r>^2A. Mfb-f>^$A*X 

( I TO) 9®*tttt&JRH{btt. $B, ~ 

S^ftXttSW*, a«Mb*L WbS9o«flHI«a« 
It, #yr~y>. #y #yeia-;i4RD 
««2i*tttm, cne»<b 1 Totommm, tew 

*3&>6« I TO*s»CC»* U>. 
[0 05 1 ] frfa»«©ff#<fc UTtt. «FCC«IH«ft 
< % «fWf<CiOaaaiR?niBr**^ iMtlOnm 
-5/imT*!3, 50nm-l/zmWiL< ( 100 

[ o o 5 2 ] friawsBv »B\ v-^^a^x, 
«±ec»ja{sti4. irfassiurifiax/^^ifla^s 
tt, BifiBSsy;i/#y#^x, ^y^iwjrn-h 
[0053] stria»«cDii^i urt*. ««W?SK^« 

0, 0. 7mm«±#»*U>. 

[0054] inaMSoHjij&j£d: itB, tttcmmz 

Jfe<, «^tt, *(DM^ITOr*-5«^CCB, 

[0 0 5 5] WiaMK«. jjfei*. -€-Ofl6©«ffl*ff 5 c 
t^CcfcO, W«EL3RT-©IBtt«E*fiTS#7fcO, » 

[0 05 6] — Htffi— 

»t«me y y7-«ci«wstsct 

■T-lftiSi, WIE«*»«*#r4»dCCttCtl6CDJi«: 
[0 0 5 7 ] mfga^@Ott*4i Ut«, »CC»JRtt& 

<, iney>WRii«flcii«y7-, Hufam^^n, «r 
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[0 0 5 8 ] «jsa»s©ttl4©^»«t uttt, 

y*«(m«Li. Na, K, CsK) Xte^O? 

?fb«ei,<ttRfb»* r;u^«;±s^is (W*.«m 

»S*4eVHT©tt»#J»l< l 7;t^~^A v 'J 

C0 0 5 9 ] ffleBNt«<DJ**£ LtB. I£Ig*0ttf4^ 
Kl£CTaffliR«C±#rSS#. iim. 10nm 
-SMmrabO, SOnm-l/iin^U, 100 

[0 06 0 ] HifiBttffi©Si6#ffi<t lt«, «FtC»IRtt 
[006 1] BJBBBffiRl^friaHtffiOfifiiffli Uttt, 

[0062] -§mm- 

mmcmtm^ miEJEfi&xm* wieiE?uiKsm^ 

6iE7L*aA"r*C<t*i-c#, iWfBttffi. IWa«T-ttA 
!«**IKM»fr6«^*aA'r*Ci#r* % 

[006 3 ] Hirsa^cD^^g («3tetm> t 

^MTSfeO©C^n"CtJ;<, 
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[006 4] B9ia^ai<D«*«j» «, 
^ asm— Miof^iit^, i*cc«H«tei^, 

iMtl nm-5 /zm"C^)0, 5nm^li/mWf*l/ 

<> 10nm^50 0 nm*JJ:0»*U^ 

[0 06 5 ] msnr^fMOMWS^t ur», «fCC 

hffi, ^tXhS, ?A VfmtSiZ) , LBS. >f>^ 

[0066] -lEJimmm- 

i?EnJteB#tciweBffi^6iEa*aA-r-5«t6, isie?l£ 
BWB»fl83&>6aA3tifc«^*i»ttr-6 

£b5I27 S >&tm»# y v-4jE7L«SS»S 
[0 06 7 ] MIB^a^iE?LfS^M«<b LT tt, Wil 

bh'7 % />, x^;b«^>, Uv*f 

40 ^'i^Mft ^^^^>^»;rfv-^^uv 

[0 06 8 ] Hfsa^fti©jE?nftast*»i br « % *^bj 
^ l , iStr s >*iB^a^tt:*©«riar 5 >*s»f* 

Ur4><fc<. g^r:iE?L»2IJS<D/f^<!:L 
ttt, tt(C(MIK»ttt^. MSI nm-5 /imr*«9 v 
50 5nm^l um&iff&L<* 1 0 n 5 0 0 n m&ft 
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[0069] miffir.iEnffimmo&m%mt ur«. 
M^mmm, lbs, -r>*y**h& ena 

3£¥ffi. (^f>3- hfe * + x 

y#-#*-k jj*y**u> % 

- h, #'ii^fJk #yx;u*>, #y ?*~u>;*- io 

*e/K, #y^dri>x> % #y (n- 

. SMt*JR»]B* ^h>ffifl§, # 
y T 5 h\ x^Hr;l>P-* % itlKtfx;U % ABSSJ 

1HI. T**K«BL x#*5/tHfc S/y=J->»JIB. 
[0 0 7 0 ] 

* buib y >k%bhm*# y *~jLtms&tm6rtiffl>b 

Etc, a»©«^iftj3St3m*#ffli/r»fl5"rsc 

[0071] MB&»©«Tlfi»tm<t irtt, m 
« v h»jry-;k hyr^>, **tf 
e^77-;k 7;i/tu/>, 7>h^ + y^£>. r 
>hn>, s?:7*x;i,*y> % ^sfrfc^v^aM^F. 30 

;K>^ > y * 7 ;u£iE{£^ i r £ £Ktgtt90&B 
[0072] mitttnconj-mmtmt utit 

cdt 3: >Xffft?ftefMi«: F - ^3 ^ r &m u r fc J: 

# y v-«c J: & tt»Jtcffl^r WHKiS* 40 

"Ctt, fttefWIS«&l^ MSl nm^5 /Ltmr£>9. 
5 n 1 um^fSK , 1 0 nm^5 0 Onm^i 

[0073] mmrM+mmo&eomt ura. 
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[0 074] -sn- 

<b«S««^7JS!WtaMWIE L*frt(C«Ar* 
C<h^}qi±pJ^r*n«J:<, W*K. In. Sn, P 
b ( Au, Cu, Ag, A 1 „ Ti. Nif?<D#Jl. M 
firO. S i O, S i O z , Al 2 0 3 , GeO, Ni 
O, CaO. BaO. Fe 2 O a . Y 2 0 3 . T i 0 2 

mv^mmm, sin, sin, a*oi{t». Mg 

F 2 . LiF, A 1 F 3 . CaF 2 *{b«J k 

-k #y-rs h\ tfy^ur. #yf h^^wpx 
^u>. #y ^do h y 7;i/tnx?u>, #y^p 

[0 07 5 ] 8?IB«S®<Dff^*fti « % «fCCR« 
ttX^9*y>yjS, MB E (^fixf^^-) 

ffi) , U-lf-CVDffi, iCVD 

9 hfe EMH& K^ffi, 35c<Sf^tf6tl&. 
[0 07 6 ] *^HjcDW^E LJRT-©«i*ffii 

[0 07 7 ] (W^E L3R^-<Di8j6*ffi) 

[0 07 8 ] *«W©*«E L*«)l8fi*8feK4jC»r 
8£*OW»EL*^(OHJS^rffi©J:^4, 

cim, «KKfflffiOMH^&<, NRRISSCfNIB 

[0 07 9 ] «HB**«*C*5^ iaWBr 5 >^fl5^fg 

IKitR-rscir*^^. 0. oi^ioum^ 

[0 0 8 0] ^*J, BulB^co^ffii 1$(C$(|I6 
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[0081] (^semwaf*^ * > #«gi©*«£ 

[0082] itEjfimiMrw^/t^ it 
\ts ytm&mt*, it&mft#*)i> 

[0 0 8 3 ] WE**^^*^^ Xtt, gnccjct; 

0, lOOnmOTiTSCim, 10-60nra 
[0 0 8 4] **?BCD**a»W«^W^CC*j(,»t: 

#yv~#*^^«e£Lr«ttu *»!?or5>* 
*m a mi b^s^^w tir sa«*»7i 
MfH2«^ss*<!:orasB*rs. cotc$>, -^i 30 

Si , #&W©7 5 >*iS#^«£f*e!>4>& < t i> 1 # 
[0 0 8 5 ] 

[0086] (HiMi ) «iay>K*BW##y^- 

<tUT, n*M©DNA (lft(0«^6»l«»»0/cD 40 
NAOth'^Afi, ?^lMw=l. 3X1 
0 6 . fi2 00 Ot&mM) 2. 5 g£ff*l 0 Om 1 CC 
*g»OT«B»*3. 4xiO- 3 Mi^<]:HUc„ 
mBjadHMHH&t/C, by* (2. 2-t'f 
rt^-^A (ii) g(*(Ru (bp 
y) s 2 + , ft*m= 7 4 8. 7 4)0. 0 5 6 g «K 
7K5 0m 1 fcMKLTMtttfl . 5xi0" 3 i^^g 

/2 5£fc*<fc$*C»»OTr*&#6. 0X10' 6 M 
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N-7x^-p-7x^I/>i/r^> (PPD) 0. 

0 1 8 4 gt^iry-;H m 1 KS«3ttTr£K# 1 . 

ox i o - l r&£^ £y-;u^£tS!Ko/c. coy 
* -> - ;l/*SS*BBl«»t±(ta© l/lOOitt&J:^ 
fc»flJOTfflffi*U. Ox l 0' 3 M<ttt*J:5fcO 

[0 08 7 ] itufBR u ( b p y ) s 2 + £?£K6 . 0 x 

1 0" 5 Mt&Scfc^tC. |WBPPD*«fl[l. 0X1 
0" 8 M 5 HfiaDNAiiftffil . 0 x l 0 
- 3 M£tt&J:9Ccu pH^3. OCCHUU/ciftM* 
igSKfc, Xe7>7m^420-600nmtC7^ 

ju$M;>^ofci3«#*i 5mW(Dm^r^2 4B$ra^ 

[0 08 8 ] WBa*«M*CC J: 0««^*1f 
<Di&*U^ h;U£$J^L/t 0 H2{C7j<-rJ:5K:> #y 
T-y> • DNA$£<* (S§{*) <Dttl>ftJK*S8 00- 

1 1 0 0nmf*Jfi«:ttKSn, *(DSfi#»iS3ftfc. 

[0 0 8 9]ftt tCt\ 1 M©«K£Sr*J:5K:N 
aC IZmiMLtctCZ, Ru (bpy) a 2 + <DKft 
9SS*HKTL (*jg^tH6n) . Ru (bpy) . 2 + 

NaC KD«UtCcJ:t)*t;/cY^>«:j:0-Y*>?S 
K#i«ttl,fcfc«>. Ru (bpy) a 2 + <bDNA*CD 

y>Wl(y>M») icoffla^fla^iiao^/c*, r 

u (bpy) 3 2 + jWB**fciBdU E^CC«5SUr 

[0 09 0 ] (Jttaiwi ) I8ft«ncfet>r % DNA* 
ffloft^-^waji-tt, teiaccor. D N A <b 
cD**»Ttttt<**©*yr^y>**»^ufc. * 

©16*, B3«CjjVrj:5K:* 6 0 0-8 0 0 nmftiS© 

/Co 

[0 09 1 ] (^feW2) WMffirf»fcT3>*K» 

^IS^ttiurcD^yr^y^ • dna«6* <»*> 
iB#yr-y> • dnai^» (jg«o cd*^ <#y 

T-'J> • DNAa^»}*ff=4. 2 x 1 0" 3 g/m 
L Ru (bpy) 3 2 + ?£K=3. 2X10' 4 g/ 

mi)*, ^xifiijcaasnfc i to«s_bc& 

WU 8 O e Cr5^^$#^,C£CC<fcO, W^b^ 

3 0-5 0 nm^o/c. COWflMb^ftJiCCteWaR 
u (b p y ) 3 2 + ©#ffitt«4a*»**a«- (011 
F-4 5 0 0) ll^fctCi, huIB^t^W 
(j**^) ilt(DRu (bpy) 3 2 Mi ( ^I2D 
NA(c*JW^y>M8^S«E-r*SBfil[K:??aL/, BWIB 

[0092] mummt&mogm^ tji 
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£4. 0X10" 8 Torr (3X10* 8 Pa)©S 
ETT\ ffi«#0. 2X0. 2 cm 2 TBfrfr 1 0 0 n 

[0 09 3 ] JMitCjrOWen/cWBIELS^Wloci 

^1*liS-lEftMli/ciC5, H4(c^-rj:^«:ft 

mmtit (sclc) tcsec\ wmmm&i iv<d^\ 

6 0 0mA©S«iiW#6nfc. 
[0 09 4] &tc. C©W«EL*T-«CO^r. 
K*SfiTt?e^»fl[»t BM-7) £ 

J: 5 Bfljn»E# 7 V $ Ttt*6*««6tif 4 
7V«±"C^lj»CC»g (cd/ra 2 ) #[p]_hU Epjnn 
E# 1 1 VCDB^C 1 5 0 0 ( c d/m 2 ) <DM&Zn 

[0 0 9 5 ] CCDW«E L*^tC*y^***(DjSSaSa 

[0 0 9 6 ] «fia^«E L*TtCO^T % ffcfeig 

fi*«Mv;U*»J;fcv*^A (^:«S^-tt«, IMUC 
-7 00 0VXfA) £ffilr>TiMffiLfc. *<D*S**H 
6(C^U/c 0 06^60J6fr&<£5Ct> 600-650 
n m KSfcfcSSiB© b' - ^ 4 £ * U >^75SSRfe©» 

[0 0 9 7 ] si 



(11) «f^2 0 0 2- 1 6 1 1 3 5 

20 

f*£ffll > * C £ CC J: 0 frf-Wf- 1 L~C Rtnmft & 3« E 

(2, 2-^t*»;^;U) )\,T~V2* (II) SSf*(Ru 
(bpy) 3 2 + )©»*5SKi©B«*^ , rf7 7'C 

[02]02te, DNA*flH»fc*§^CCteW*. ifcg<t 
20 «fii3fe»iR<b©H«*7^-r^^7-C*S. 

[851H5U, *I6M©«BIEL3R^CC*JWS, gift] 
[06] H6«, ^©WSELiWfcl^, Hfe 



i ] 
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